Delayed sowing (DS) is a critical factor influencing grain yield and quality under climate change. This study was conducted to determine maize grain yield and quality traits responses to DS and varied genotypes in rain-fed condition, northeast of China. Two typical hybrids ZD958 (higher starch type) and LM33 (higher protein type) and three sowing dates: 30 April (DS0) as normal, 10 May (DS10) and 20 May (DS20) were compared. Results demonstrated maize grain yield, biomass, kernel number per square, thousand kernel weight (TKW), grain nutrition yield, N concentration and grain test weight were significantly reduced by DS. Compared to high protein type LM33, high starch type ZD958 had a higher yield potential and lower yield reduction with delayed sowing. Grain yield loss under DS could be mainly attributed to reduction of the BMP and biomass, thereby leading to the reduction of TKW and kernels number per unit. DS didn't affected grain nutritional content (starch, protein and oil), while significantly reduced grain nutrition yield of starch, oil and protein with delayed sowing. This study suggests that, early sowing should be recommended to the framers and varieties adjustments maybe a possible approach to reduce and compensate for the loss of yield caused by delayed sowing in rain-fed condition under climate change in NCP.
INTRODUCTION
Maize (Zea mays L.) is a major cereal crop in many parts of the world and it used as an important source of food, animal feed, fuel and for various industrial raw materials . Maize grain yield and quality are two main factors concerned in maize production because they are closely related to mankind food security and people's dietary health (Ahmed and Fayyazul, 2015) . In the past decades, with the improvement of modern breeding technology and integrated management practice level, the yield of maize has been greatly improved (Tao et al., 2014) . However, environmental constraints and increased frequencies of extreme weather under global climate change still are the main factors affecting productivity and sustainable development in many regions of the world (Luo et al., 2018) , particularly in rain-fed conditions.
As a key factor influencing farming activities, sowing time is highly associated with cereal grain yield and quality around the world (Bajaj et al., 2008; Wang et al., 2018) . Previous studies have demonstrated sowing time is closely related to agro-meteorological factors, such as effective accumulated temperature, precipitation photosynthetic active radiation, even nutrient uptake (Gaile 2012; Verma et al., 2012) . Therefore, sowing time is an important factor which would affect the grain yield and quality for field crops. As well known, maize grain yield is significantly and positively correlated with dry matter accumulation during post-anthesis stage (Cao et al., 2017; Guo et al., 2017) . In turn, delayed planting date beyond an optimum period can result in substantial biomass and yield loss in most cases, due to shorter duration of vegetative and grain filling period (Nielsen et al., 2002) . Gaile (2012) reported biomass of the whole maize plant was reduced by 7% to 12% when sowing was done 10 days later than the optimum planting date in Latvia under four years experiment. Similar results were also confirmed by Lawogbomo and Remison (2009) in maize and Shah et al., (2017) in cotton. However, the previous results were not always in consistent and the corn varieties specific variation is exist. Jaliya et al., (2008) reported there was no significant difference in yield and yield parameters between 10 th and 20 th June sowing dates with quality protein maize variety in Northern Guinea Savanna ecological zone of Nigeria. While Verma et al., (2012) demonstrated winter maize sown at 25 October enhanced grain yield and the growth than early sowing (15 Oct) and later sowing 5 Nov. Guanming et al., (2013) reported full-season hybrid showed a high silage yield with delayed sowing compared with shorter-season hybrid in southern Wisconsin. Therefore, of sowing date and varieties optimum planting date management combined with varieties is benefit for maximizing grain yield, whereas there are seems differences among varieties. Van Roekel and Coulter (2011) demonstrated that yield loss of late planting with a full-season hybrid was associated with a 7 % decrease in kernel weight and no change in kernels per square meter. Thus, it was important to evaluate possible genotypic differences of yield and yield components in response to varied sowing dates.
Sowing date is also a critical factor affecting crop quality traits (Abdelkader, 2018) . Starch is the mainly seed storage reserves in endosperm of cereal seed (Mason and D'Croz-Mason, 2008) . For maize plants, the main material metabolism in the later growth of grain filling is the synthesis of starch, protein and fat, while the accumulation of starch in the early grain filling stage is only transitional, for the pre-synthetized starch could be decomposed and utilized as the source of raw materials for the synthesis of protein, fat and other major storage materials (Yan et al., 2014) . Therefore, grain qualities are susceptibly affected by meteorological conditions (e.g. rainfall, photosynthetic radiation intensity, temperature and soil moisture) or management practices in grain filling (Shaik et al., 2014) . Precious studies demonstrated planting dates usually had a negative effect on maize grain quality with changes of the seed composition by changing the content of starch, oil, protein, mineral elements and other components (Darby and Lauer, 2002) . But the results of precious studies are not consistent. Gaile (2012) indicated sowing time d a slight but significant (p<0.05) effect on crude protein, neutral and acid detergent fiber content reduction. Whereas Fabijanac et al., (2006) reported that sowing date did not affect grain yield and protein content in any of the tested hybrids, but all hybrids tended to have slightly, yet significantly lower oil content with delayed sowing date. In addition, sowing date also highly associated with other physiological and chemical characteristics in food grain crops. Costabr et al., (2013) reported sowing date, varieties and seeding rate significantly affected test weight in bread wheat plants, and grain test weight with delayed sowing showed decrease tends under irrigated Mediterranean systems, and the similar result was also found by Ozturk et al., (2010) in Erzurum (Turkey) dryland conditions. And, the changing in grain qualities by delayed sowing date are related to duration of critical periods for growth or crop establishment, especially for grain filling, but also to genetic and the changes of environmental conditions (Jaliya et al., 2008; Wang et al., 2018) .
The Northeast China Plain (NCP), which is famous for "Golden corn belt" and which accounts for more than 30% of total national corn production in China (Chen et al., 2013) . Therefore, it is of remarkable significance to keep a steadily and ever-increasing maize production with the increasing population in China. However, the precipitation in the region decreased by 8.1 mm and mean temperature increased by 0.3 degrees per decade during the maize growing season from 1961 to 2010 (Liu et al., 2018) . The impact of climate variation caused unexpected drought events occurring at maize sowing time have brought many negative impacts on farming operations in this region.
In the recent couple of years, field corn planting can be delayed beyond the optimum late April to early May time due to a lack of effective precipitation . In turn, the delayed sowing time may affect grain yield stability and quality, and these trends are projected to continue into the future and may bring great risks to food security in this region. But the information about maize yield and quality response to the delayed sowing time and different maize genotypes is till limited. Therefore, our objective of this study was to determine how delayed planting affects yield, yield components and grain quality with different maize genotypes under rain-fed condition in NCP.
MATERIALS AND METHODS

Site description
Field experiments were conducted in the central zone of the famous "Golden corn belt" of NCP during two successive maize growing seasons from 2013 to 2014 at Jilin Academy of Agriculture Science experiment station (43°20'17"N, 124°20'17"E) ( Fig. 1 ). This location is considered good representatives of NCP spring maize production areas in terms of soil types, climatic characteristics, geographical distribution, yearly rainfall, and contribution to national maize production. The crop growing season is from April to October, and the averages of 30-year and monthly temperature and precipitation during 2013-2014 of the experiment are given in Table 1 . The soil type was loamy clay (FAO, 2006) and its physio-chemical properties in the 0 to 40 cm soil layer were showed in Table 2 .
Experimental set up and field management
The experimental was arranged in a randomized complete block in a split plot arrangement with three replications, where maize genotypes in main plots and three planting dates in sub-plots. Planting dates spaced at about 10-d intervals from 30 April to 20 May in both years, which is referred to as DS0 (control, normal planting date in this area), DS10 (delayed 10 d) and DS20 (delayed 20 d), respectively.
The plot size was 4.8 m×10 m (with 8 rows spaced 60 cm apart 10 m long). Two full-seasons of typical commercial hybrids LM33 and DZ958 were choose as the experimental material in the present study. Hybrid maize ZD958 (higher starch maize genotype) was released in 2000 by institute of crop science, Henan Academy of Agricultural Sciences) and LM33 (higher protein maize genotype) was released in 2013 by Songyuan Limin seed co., Ltd, both of which are widely planted in NCP of northeast China (Chen et al., 2013) .
The distance between plants in a row was approximately 22.2 cm and 21.4 cm, with a density of 65, 000 plants ha -1 (commonly used for maize production in the area). Each plots received a pre-plant basal application of 100 kg N ha -1 , 90kg P 2 O 5 ha -1 , and 120 kg K 2 O ha -1 , respectively, and another 100 kg ha -1 N was sidedressed in top 0-to 15 cm soil layer at about 18 cm away from the rows at V6 stage in both years. Seeds were hand-sown with the aid of a single row hand drill and weeds were controlled using herbicides applied before maize emergence. 
Sampling and determination
Over the course of the maize growing season, the key phonological phases and total leaf number were recorded at emergence (VE), elongation stage (V6), silking (R1) and physiological maturity stage (R6) according to Ritchie et al (Ritchie and Hanway, 1982) .
Biomass, grain yield and yield components determination
Five adjacent plants samples in each plot were randomly selected and collected at silking and physiological maturity, and divided into grain and all other parts to estimate biomass (above-ground part) and biomass transfer amount. All plant samples were dried at 105 °C for 30 min and then at 80 °C to constant weight. At harvest, 10-m 2 plant samples at the center of each plot was harvested, the grain yield and yield components was calculated at a moisture content of 14 %. Kernel number was determined on 5 randomly selected ears from each plot, and thousand kernel weight (TKW) was determined after maize kernel drying at 80 °C to a constant weight.
Grain test weight and N content determination
Grain test weight was conducted by (Oikeh et al. 1998) method. Grain N content was determined using the Kjeldahl method and followed the description by (Guo et al., 2017) , and was determined in accordance with the Risk Assessment Lab of Agri-products Quality and Safety (Changchun), Ministry of Agriculture and Rural Affairs of P.R.C.
Grain starch, oil and protein content determination
Maize grain starch, protein and oil content in the grain were determined by the method of (Lawogbomo and Remison, 2009 ) with a near-infrared d reflectance analyzer (Foss infratec TM 1241, Denmark). And grain nutrient yield was performed according to formula (Lawogbomo and Remison, 2009 ):
Grain nutrient yield (Mg/ha) = Grain nutrient concentration×grain yield.
Data Analysis
All data were analyzed statistically using Microsoft Excel 2010 and SPSS 17.0 software (Inc. Headquarters, Chicago, IL, USA). Probabilities of significance were used to test the significance among treatments (DS and maize genotypes) and their interactions, and Duncan's multiple range test was used to compare the means with treatment of delayed sowing dates (P<0.05).
RESULTS
Climatic information and phenology
Sowing date had significant impacts on the timing of key phenological events and variable climatic conditions within a phenological growth stage. In present study, the total rainfall received during growth period was 561 mm in 2013 and 418.8 mm in 2014 at experiment site (Table 1) , which was slightly higher and lower than normal years (532.45 mm, based on 30-yr average), respectively. The mean temperatures during critical period of maize grain filling periods under timely sown (DS0) and late sown conditions (DS10 and DS20) were 28.32, 27.08 and 25.48 °C across two years average and total rainfall received during growth period were 24.35, 118.85 and 85.37 mm respectively.
Variable temperature range and rainfall amount caused by delayed sowing resulted in significant differences in phenological maize development process and the change of biomass, grain quality, yield and yield components. Earlier sown maize of both maize genetypes needed more days from sowing to emergence was found in this study. Compared with DS0, emergence duration time reduced by 3 and 6 days with delayed sowing treatment of DS10 and DS20, respectively. Vegetative period (from emergence to silking) substantially with delayed sowing reduced by 4 days for DS10 and 8 day for DS20 in 2013, together with 5 days for DS10 and 9 day for DS20 in 2014 ( Fig. 1) . Similarly, reproductive periods were reduced by 2 days for DS10 and 4 days for DS20, and total life period also were reduced approximately 10 and 16 days, correspondingly.
Grain yield and yield components
As shown in Table 3 , maize grain yield, biomass and yield components were significant (P<0.05) or highly significant (P<0.01) affected by DS, maize genotypes (G), and their interactions (DS×G) ( To clarify the reasons of maize grain yield loss caused by DS, we determined characters of yield components. The results showed DS mainly significantly affected maize TKW and kernel number per m 2 ( Table. 3). Maize variety LM33 had more kernels number per m 2 than ZD958, but had a lower TKW in yield components.
Biomass, biomass at anthesis (BMA), post-anthesis (BMP) and remobilization amount (BMR)
Similarly to maize grain yield, DS significantly decreased plant biomass of both varieties in two years. Compared to DS0, biomass for LM33 reduced by 11.31 % in 2013 and by 13.60 % in 2014 under DS20 treatment, and reduced by 8.56 % and 10.78 % for ZD958, correspondingly (Table 3) , these results indicated the magnitude of the change with delayed sowing was less than that of LM33. No significant differences were observed between DS10 and DS0.
In addition, significant differences of BMA, BMP and BMR were found by DS, and BMP was also significantly affected by maize genotypes (G) in present study (Fig 2) 
Correlation analysis
Correlation analysis demonstrated that maize grain yield with delayed sowing highly significantly (P<0.01) and positively correlated with BMP, total biomass and TKW, together with significantly (P<0.05) positively correlated with kernel number per square and grain test weight ( Table 5) . Grain test weight significantly positively correlated with BMP, and negatively correlated with grain protein content.
DISCUSSION
Phenology
Growing degree days (GDD) and rainfall can be significantly affected by sowing time are the main meteorological factors 
Source of variation
Delayed sowing (DS) ** ** ** * Genotype (G) ** ** ** * DS×G * * ns ns †Different small letters represents statistically significant differences at the P<0.05 level by Duncan's test. DS0, DS10 and DS20 were indicated seed planting delayed 0, 10, and 20 days from normal planting time, respectively. *P<0.05; **P<0.01; ns, not significant.
factor determining time of flowering and maturity in annual crops, including soybean, rapeseed and maize (Li et al., 2015; Shah et al., 2017) . In present study, vegetative period (from emergence to silking) and total growth period duration also were both shortened, total period of the life cycle ranged from about 143 d in the normal sown treatment (DS0) to about 133d for DS10 and 127d for DS20 treatments for both species (Fig. 4) . This result was also consistent with that later sowing shortened the total life period of A. retroflexus and Chenopodium glaucum (Li et al., 2015) .
Grain yield, yield components, BMA, BMP and BMR
Increasing food demands by a growing human population require substantial increases in crop productivity in China and other developing counties (Liu et al., 2018) . Sowing affecting maize growth and development (Shah et al., 2017; Shirzadi and Madani, 2008) . In present study, crop growth and phenological events were significantly affected by delayed planting date. It is well known that soil temperature and moisture are critical factors for a uniformity and quick seed emergence under early spring sowing time. That is the reason why the emergence duration time was reduced 3 and 6 days under delayed planting seeds of DS10 and DS20 treatment, respectively. Our findings are similar to the results that earlier sown maize needed more days till emergence and from emergence till slinking (Gaile, 2012) . Photoperiod has been reported as a primary environmental (2013, 2014) , and in two cultivars (LM33, ZD958). Vertical bars represent the means ± SD. Different letters represents statistically significant differences at the P<0.05 level by Duncan's test. DS0, DS10 and DS20 were indicated seed planting delayed 0, 10, and 20 days from normal planting time, respectively. time can directly or indirectly affect crop grain yield by influencing biomass accumulation, dry matter translocation or yield components. In general, plants in ear sowing tend to have taller plants, more leaves numbers of higher leaf area index (LAI), and consequently leading to a higher biomass in maturity (Verma et al., 2012) . In turn, delayed planting date can result in decrease biomass and yield loss, due to shorter duration of vegetative and grain filling period (Sanchez et al., 2014) . The similar results were confirmed in this study, maize grain yield with delayed sowing of DS10 and DS20 treatments had a reduction trend combined with both varieties, whereas no significant difference of grain yield was found between DS0 and DS10. This result is in agreement with the previous study of Jaliya et al., (2008) in Nigeria. Maize grain yield were also significantly (P<0.01) affected by maize genotypes (G), variety ZD958 had higher grain yield and lower yield loss in two consecutive years, that is mainly due to low temperature during grain filling may be detrimental to protein synthesis (Ahmed and Fayyazul, 2015) , thus resulting in higher yield reduction of high protein type LM33. These results indicated higher starch genotype maize could obtain higher yield than higher protein genotype maize with delayed sowing date. Therefore, maize grain yield loss caused by late sowing can be alleviated through by strategies of cultivar adjustment.
It has been well-known that maize grain accumulation could be explained by post-silking biomass and/or remobilization kernel size. Reduce of kernels number per unit of both varieties with delayed sowing mainly due to the increase of blank-stem rate (data not showed). Correlation analysis with yield and yield components showed grain yield with delayed sowing mainly influenced by TKW, then followed by kernel numbers. The results were consistent with previous studies of ( Lawogbomo and Remison, 2009 ) together with (Ray and Ahmed, 2019) in maize.
Grain starch, protein, oil content and yield
Seed quality is important for human and animal food consumption. As known, maize grain nutrients concentration is not only varied between crop genotypes but susceptible affected by agronomic practices and growth environment as well (Li et al., 2015; Li et al., 2018) . In present study, significant differences (P<0.01) of maize grain starch, protein, and oil content were observed among maize genotypes (G), maize cultivar LM33 had significant higher protein and oil concentration than hybrids ZD958, but opposite to starch content. In addition, the concentration of grain starch and oil were decreased with delayed planting date, and slight increase of protein content were found although the differences were not significant (P>0.05) between DS treatments. This result is in agreement with earlier reports of Ceyhan et al. (2008) in bean (Phaseolus vulgaris L.) and Fabijanac et al. (2006) , who demonstrated sowing date did not affect grain yield and protein content in any of the tested hybrids. Similar results of higher protein concentration with late of biomass stored in the stem and leaf during vegetative growth (Ning et al., 2013; Cao et al., 2017) . Plant with delayed sowing shortened the growth periods of vegetative and reproductive growth, thus leading to a reduction of dry matter accumulation during growth stage. Significant differences of biomass at anthesis (BMA), post-anthesis (BMP) and remobilization amount (BMR) was observed with delayed sowing date in this study. And the correlation analysis between grain yield and biomass at post-anthesis (BMP) further indicated maize grain yield loss with delayed sowing could be contributed to the decrease of biomass accumulation during post-silking stage. Our results were consistent with Pal, Mahajan et al. (Pal et al., 2017) findings, who confirmed grain yield had a positive relationship with preanthesis dry matter accumulation and dry matter translocations in rice plants in the late sown conditions. Kernels number per unit and TKW are the main factors influencing grain yield and commodity quality. Reduction of kernel weight by delayed planting could be attributed mainly to decreasing interception of solar radiation and photosynthesis under lower temperatures during grain filling stage, leading to decrease of grain filling rate and duration period (Hu and Wiatrak, 2012) , which resulted in lower TKW with later sowing. In this study, kernel numbers per unit and TKW were found significantly affected by DS and maize genotype. Maize LM33 had more kernels number per square than ZD958, but had a lower TKW in yield components because variety LM33 had a smaller sown was also confirmed in wheat and other crop under delayed sowing time (Nielsen et al. 2002; Coventry et al., 2011) . The changing of grain protein might be due to the modifications of thermal conditions during grain filling caused by different sowing date (Ahmed and Fayyazul, 2015) , which a cool temperature in grain filling stage is beneficial for protein accumulation not starch or oil (Darby and Lauer, 2002) .
The nutrient yield is defined as the product of grain yield and nutrient content. Thus, nutrient yield of crops is closely related to the grain yield and nutrient content.
In this study, significant reduction of maize grain starch, protein and oil yield by DS were observed, this is due to delayed sowing significantly decreased maize grain yield while had no significant effect on grain nutrient content. Maize variety ZD958 had a high yield potential, grain starch content and low protein content, leading to a higher starch yield of ZD958, compared to LM33. For different maize genotypes, ZD958 had a higher grain starch yield and lower protein yield across two years average, while no difference of oil yield was found between two maize genotypes. These results suggest we could select suitable varieties according to the purpose of production (for high grain yield or specific nutrition yield) under delayed sowing in framer's agronomy practice.
Grain test weight and N content
Grain test weight, associated with kernel size, shape, moisture content and internal structure, is one of the important indexes to estimate grain quality (Cabral et al., 2018) . As known, genetic diversity and environmental variability for test weight are present, and the highprotein or oil maize genotypes generally have lower grain test weight than ordinary cultivars (Oikeh et al., 1998; Abbas et al., 2013; Li et al., 2018) . In this study, variety ZD958 with higher seed starch concentration and grain test weight was observed. Compared with the normal sowing plants, maize grain test weight in treatment of DS20 was observed in consecutive two years. This might be due to the early sown maize had a long time to utilize light and heat resources for photosynthetic carbon assimilation and seed sink development (Jaliya et al., 2008) . Moreover, delayed planting date had a greater effect on maize genotype LM33 in present study, this might be owing to lower temperature in grain filling stage is not conducive to the synthesis of protein and seed formation.
Nitrogen (N) content in seed grains is an important nutrition factor, which is highly associated with human health and animal feeding (Cao et al., 2017) . It has been well-known that grain N accumulation is not only based on N uptake during the post-silking stage, but also closely related to the remobilization of N stored in leaf and stem during vegetative growth stage (Liu et al., 2016) . It was found that the grain N concentration was significantly reduced of both maize genotypes under delayed planting date. This can be attributed to the delayed sowing time decreased vegetative growth duration, resulting in the decrease of N absorption in critical period of nitrogen uptake in vegetative growth stage. In addition, grain N content was significantly affected by corn genotypes and the interaction of DS and genotypes (DS×G), due to N uptake and remobilization in crops had specific genetic variability (Oikeh et al., 1998) .It has been well documented that there is a positive correlation between protein concentration and N content in crop seeds. However, the seed protein concentration was not consist with N content in present study, one of the possible reason for explain the increase of protein concentration might be due to delayed planting date enhanced the rate of N remobilization (Hu and Wiatrak, 2012) , and result in the reduction of N content.
CONCLUSION
Delayed sowing date had significant impacts on the timing of key phenological period, shortened maize vegetative growth and total growth duration time in fainfed conditions of NCP. Maize grain yield, biomass, yield components (kernel number per square and TKW), grain nutrition yield, N concentration and grain test weight were significantly reduced by DS. Therefore, early sowing should be recommended to the framers. Compared to high protein maize genotype LM33, high starch maize genotype ZD958 had a higher yield potential and lower yield reduction with delayed sowing. Grain yield loss under DS could be mainly attributed to reduction of the BMP and biomass, thereby leading to the reduction of TKW and kernels number per unit. DS didn't affected grain nutritional content (starch, protein and oil), while significantly reduced grain nutrition yield of starch and protein with delayed sowing. These results suggested that varieties adjustments maybe a possible approach to reduce and compensate for the loss of yield caused by delayed sowing in rain-fed condition under climate change in NCP.
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